Introduction rates of alien freshwater organisms are increasing worldwide. In Israel, freshwater habitats suffer from heavy anthropogenic stress resulting in numerous records of introduction to date. During 2014 a non-native caridean shrimp was found in several locations in the Jordan River system and in the Yarqon Stream. These systems represent different basins, hydrologically disconnected. Using both DNA analysis (mitochondrial genes COI and 16S) and morphological tools the species was identified as Neocaridina denticulata, an ornamental species originating from South-East Asia. Phylogenetic analyses of 56 Israeli and 18 Japanese specimens revealed no geographical differentiation among Israeli specimens, affiliated to a single haplotype, in contrast to the division of two groups within Japanese specimens. It is therefore possible that this species had been released by aquarium hobbyists. Field and laboratory observations revealed a highly reproductive and environmentally tolerant populations, reaching a reproductive stage within few months and releasing more than 70 larvae per ovigerous female. In addition, N. denticulata was found to be significantly larger in comparison to the native Atyidae shrimp Atyaephyra orientalis. We suggest that N. denticulata may expand its geographical distribution into similar freshwater systems in Europe and other Mediterranean countries, where suitable environmental conditions exist. We further provide tools for taxonomic identification and field observations for effective detection and inspection protocols.
Introduction
Non-native species in freshwater systems are widespread and some species are well-known for their ability to rapidly expand their geographical range (Strayer 2010; Nunes et al. 2015) . Various stressors on freshwater ecosystems, caused by anthropogenic pressure and pollution of water due to domestic, agricultural, and industrial needs, may facilitate introductions of non-native species in these systems (Ricciardi 2001; Gleick 2003; Strayer 2010) . Climate change also accelerates the successful establishment of non-native species by facilitating the spreading and establishment of generalist and more tolerance species, in contrast to more specialists and environmentallimited native species (Rahel and Olden 2008; Strayer 2010) . Considering the rapidly growing popularity of the aquarium industry, it has become a major introduction pathway and a significant risk of organisms being deliberately released or spread unintentionally as hitchhikers on aquarium plants (Duggan 2010; Strayer 2010; Turkmen and Karadal 2012; Patoka et al. 2015; Passarelli and Pernet 2019) .
The freshwater shrimp from the family Atyidae De Haan, 1849 play a significant role in inland water bodies as primary consumers in the food web. Furthermore, they are involved in marked sedimentation reduction, increased algal production, and leaf-litter decomposition (Pringle et al. 1993; Covich et al. 1999; Crowl et al. 2001 ). In addition, these shrimp have become highly popular in the aquarium industry as pets and aquatic plant cleaners, where the worldwide major sources are Indonesia and Taiwan, as well as for fish bait or as a hitchhiker in live fish stock (Hung et al. 1993; Englund and Cai 1999; Niwa et al. 2005; Heerbrandt and Lin 2006; Niwa and Ohtaka 2006; Nur and Christianus 2013; Patoka et al. 2015; Mitsugi et al. 2017; Pantaleão et al. 2017; Maciaszek et al. 2018) . Another source of introduction may be by outdoor garden ponds, though currently it is known only as a spreading ability of crayfish (Peay 2009; Patoka et al. 2014 Patoka et al. , 2017 . The genus Neocaridina Kubo, 1938 comprises 31 species and subspecies (De Grave and Fransen 2011; Shih et al. 2017 Shih et al. , 2019 , originating from South-East Asia (Cai 1996) . As a result of taxonomic difficulties, this genus is constantly under revision and the validation of a few species is currently questionable (e.g. Hung et al. 1993; Cai 1996; Liang 2004; Shih and Cai 2007; De Grave and Fransen 2011; Klotz et al. 2013 ). An ornamental shrimp, which is very common within aquarium hobbyists, was first reported as an introduced species in Hawaii in 1991, as Neocaridina denticulata sinensis (Kemp, 1918) and since then additional introductions were reported from Germany, Poland, Hungary, and possibly even Japan where native populations coexists (Englund and Cai 1999; Niwa et al. 2005; Klotz et al. 2013; Shih et al. 2017; Jabłońska et al. 2018; Weiperth et al. 2019 ).
In the freshwater system of Israel there is only one known native species of the family Atyidae, Atyaephyra orientalis Bouvier, 1913, which is native to the Jordan River and HaHula Nature Reserve (Christodoulou et al. 2012 ) (Supplementary material Table S1, Figure 1 ). Recently, populations of the genus Neocaridina have been recorded in Israel (Table S1, Figure 1 ). In addition to the relatively short winter season, the Israeli freshwater habitats suffer from heavy anthropogenic stress due to the combination of industrial life-style and dense population. Although there have been previous records of non-native species in natural systems, such as those on fish (Roll et al. 2007 ), gastropods (Roll et al. 2009 ), and crayfish (Snovsky and Galil 2011) , this is the first report of a shrimp species introduced into Israel's inland water systems. The aim of the current study was to examine certain life-history traits of the Asian atyid shrimp newly introduced into the freshwater systems of Israel; to study its occurrence in relation to the native species; and to investigate the genetic structure of the introduced populations in Israel in comparison with the Japanese atyid specimens.
Materials and methods

Sample collection and taxonomic identification
Specimens of the non-native species Neocaridina sp. and the native species Atyaephyra orientalis were collected between 2014-2018 from 30 different locations across freshwater systems in Israel: HaHula Nature Reserve, Jordan River, and Yarqon Stream (Table S1, Figure 1 ). At each site, individuals were sampled using hand-nets (400 μm mesh-size) and transported to the laboratory at Tel Aviv University. A few of the live individuals were kept in a freshwater aquarium for several weeks under laboratory observation (see below). Finally, all specimens were identified and preserved in 70% ethanol and vouchered in the Crustacea collection at the Steinhardt Museum of Natural History, Israel National Center for Biodiversity Studies, Tel Aviv University, Israel (SMNH). One representative specimen was illustrated using a Leitz Ortholux II stereomicroscope with a drawing tube, under the guidance of Dr. Charles H.J.M. Fransen, from the Naturalis Biodiversity Center, Leiden, The Netherlands. In addition, 42 individuals of N. denticulata (De Haan, 1844) were sent from Japan to be compared with the Israeli population (Table S1 ). Tissue samples from 80 Neocaridina specimens (Israeli and Japanese), comprising a single swimming leg (pleopod) each, were taken and preserved in 100% ethanol for DNA analysis.
Morphological and meristic characters were taken and measured from the Japanese and Israeli sampled species, as detailed in Table S2 , using a Canon SMZ18 and Leica M205C stereomicroscopes. Size was expressed as post-orbital carapace length (cl.), measured with a digital caliper to the nearest 0.1 mm, comprising the distance from the posterior orbital edge to the mid-dorsal posterior border of the carapace. The number of embryos was counted for 23 ovigerous females.
Life-cycle traits under laboratory conditions
Larvae of two ovigerous females from the Yarqon Stream were released into a freshwater aquarium at the end of May 2015. The shrimp larvae were kept under observation for two years in the lab at Tel Aviv University, and ultimately produced three subsequent generations. These were kept together with the freshwater plant Ceratophyllum demersum Linnaeus, 1753, in small aquaria (30 × 25 × 30 cm) in a water-table, maintained with an aeration system. All shrimp were held under artificial light conditions, according to the natural sunlight cycle. Temperature varied from 20-25 °C, and the shrimp were fed commercial fish food pellets (Tetra Marine XL Granules). Reproduction parameters such as sexual maturity and number of larvae, eggs, and embryos, were recorded. Concurrently, 18 of the thirdgeneration larvae were separated into small individual jars (8.5 × 6.5 cm) to collect their exuviae and observe their growth rate. Water in all aquaria and jars was replaced every two weeks.
DNA extraction and amplification
DNA was extracted using a DNA Isolation Kit (Geneaid Biotech Ltd., Taiwan) following the manufacturer's protocol. A barcoding fragment of the mitochondrial cytochrome c oxydase subunit I (COI; 658 bp) was amplified using the universal primers LCO-HCO (Folmer et al. 1994 ); fragments of the mitochondrial 16S ribosomal DNA (16S; 543 bp) were amplified using the primers F-Car (5'-TGCCTGTTTATCAAAAACAT GTC-3') and R-Car1 (5'-GAAAGATAGAAACTAACCTGGCT-3') (von Rintelen et al. 2012) . Polymerase chain reaction amplifications (PCR) were conducted using the 2X BlueStar™ PCR Master Mix (#BSPM-100, . Each was composed in a reaction volume containing 1 μl of DNA, 2 μl of primer (10 μM each), 25 μl of 2x BlueStar™ PCR Master Mix and H 2 O to complete to a total volume of 50 μl. Amplification conditions comprised of an initial denaturation at 95 °C for 1 min, followed by 32 cycles of 95 °C for 30 sec, 5 °C below T m for 30 sec, 72 °C for 30 sec, and a final elongation of * -species used as outgroup ** -sequences newly obtained in this study 2 min at 72 °C. PCR products were cleansed of residual primers and other residuals from amplicons and sequenced using an ABI 3730XL sequencer (Applied Biosystems). Out of the 80 specimens sampled, COI and 16S sequences were obtained for 58 and 73 samples, respectively (Table 1) . Sequences were aligned and examined using Geneious R7 (v.7.1.5; http://www.geneious.com; Kearse et al. 2012) . Sequences are available in GenBank (accession numbers MN336370-MN336499).
Data analysis
For the molecular identification the sequences generated in this study were complemented with data from previous studies that included representatives of nine species and subspecies belonging to the genus Neocaridina (Table 1) . Additionally, the species Atyaephyra orientalis, Caridina cantonensis Yu, 1938, Caridina formosae Hung, Chan and Yu, 1993, and Caridina pseudodenticulata Hung, Chan and Yu, 1993 were utilized as outgroups (Table 1 ). In total, 11 species were analyzed for both 16S and COI markers. Phylogeny was inferred by means of the Bayesian analysis method implemented in MrBayes v.3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist and Huelsenbeck 2003) . The models chosen as having the lowest BIC scores in jModeltest 2.1.10 (Guindon and Gascuel 2003; Darriba et al. 2012) were TPM2uf + G for 16S and HKY + I + G for COI. Two independent runs with four chains for ten million generations were made for each gene with sampling every 100 generations. Additionally, a concatenated tree was run for both genes combined using the same parameters. Convergence was assessed by examining stationarity in loglikelihood scores as the correlation of split frequencies between runs (Nylander et al. 2008 ). The first 1,250 trees (1,250,000 generations) were discarded as burn-in, and the remainders were used to estimate tree parameters and topology.
Statistical analysis
A one-way analysis of variance (ANOVA) was used to determine any differences between carapace length (cl.) of the native species Atyaephyra orientalis and the alien species Neocaridina sp., as well as an associated male-female comparison of the alien species, with cl. as the dependent variable. Tests for homoscedasticity and normality assumptions were made for the parametric test (Sokal and Rohlf 2009) . To determine whether a relationship exists between female cl. and the number of embryos she produces a generalized linear model (GLM) with a Poisson distribution analysis was implemented, using the lme4 package (version 1.1-19, Bates et al. 2015) . For specimens lacking the first exuviae the data were completed using the average of other specimens: 0.8 for males and 0.7 for females. Calculations were based on one length measurement per individual per week; when a larva molted twice weekly (in the first molting stages) an average of both lengths was calculated. The previous exuviae measurement was listed as the same for all the following weeks until the next molting event in order to eliminate NAs in the data. To observe the growth rate of the alien shrimp and the differences between its sexes, a mixed effects model test was used with specimen as the random effect (Zuur et al. 2009 ). All statistical tests were conducted using R version 3.5.1 (R Development Core Team 2014).
Results
Taxonomic identification
Identification of Israeli specimens corresponds to the morphological characters of the freshwater family Atyidae based on the first and second pair of pereiopods carpus, which is excavated anteriorly, and fingers with dense brushes of setae (Figure 2A-B ). Within the family, based on the endopod of first pair of pleopods in the male which is strongly widened, oval or subcircular, and the appendix masculina of second pair of pleopods in the male, which is also widened, with relatively long setae ( Figure 2C -D), the Israeli specimens belong to the genus Neocaridina Kubo, 1938 (Kubo 1938 Holthuis 1993; Cai 1996) . Within the genus Neocaridina, the Israeli specimens correspond to the following morphological characters (Figure 2) : carapace with nearly horizontal rostrum in dorsal view, reaching or overreaching the tip of antennular peduncle, though five specimens possess a rostrum which is not reaching to the end of second segment of antennular peduncle. Rostrum dorsal margin with 13-25 (mostly 14-20) teeth, 3-4 teeth behind posterior edge of orbit; ventral margin with 1-9 (mostly 3-7) teeth (as detailed in Table S2 ). Antennal and pterygostomian spines are present. Telson with 3-6 (mostly 4-5) pairs of dorsal spinules, though the number of spines can occasionally differ on each side, and 1 pair of dorsolateral spines near distal end; 4-5 (mostly 4, one female with 3) pairs of spines on distal margin. Eyes well-developed. Palp of first maxilliped rounded; ultimate segment of third maxilliped as long as penultimate segment; mandible without palp, molar process truncated. First pair of pereiopods short; chela 2.0-2.2 times as long as broad; carpus shorter than chela, 1.7-1.9 times as long as high. Second pair of pereiopods much longer and slender than the first pair; chela 3.0-3.8 (mostly 3.2-3.8) times as long as broad; carpus much longer than chela, 5.0-5.3 (four females were found with a ratio of 4.5) times as long as high. Third pair of pereiopods with 4-8 (one male and one female were found with 3 and one female with 9) accessory spines on flexor margin. Endopod of male first pleopod is piriform. Uropodal diaresis with 10-14 (seven specimens were found with fewer than 10 and one female with 15) movable spinules. Body color mostly white-translucent, though some individuals displayed red or dark blue dots (Figure 3) . The above description correspond mostly to the Japanese swamp shrimp Neocaridina denticulata (Kubo, 1938) with the exception of the short rostrum specimens. On the contrary, N. davidi (Bouvier, 1904) is characterized with shorter rostrum which is not reaching to the end of second segment of antennular peduncle, however it differs from the Israeli specimens by its deeply excavated carpus of first cheliped and the distinct sexual dimorphism in the third pair of pereiopods (Klotz et al. 2013) . The molecular analyses of COI and 16S comprised a total of 55 Israeli specimens and 18 Japanese N. denticulata specimens obtained in this study (as detailed in Table 1 ); as well as nine Neocaridina species and subspecies and four outgroups retrieved from GenBank (as detailed in Table 1 ). The phylogenetic trees (Figures 4, S1 ) confirm the morphological identification and similarity between the Israeli and Japanese specimens of the species N. denticulata. However, the phylogenetic relationships within the N. denticulata species complex are still unclear (e.g. Cai 1996; Liang 2004; Shih and Cai 2007) and specimens which were identified as N. sinensis and N. davidi were also found to be on the same cluster. The Israeli specimens cluster together with no apparent geographical structure, including the shorter rostrum specimens. The Japanese specimens seem to be separated into two groups based on the morphological characters and the phylogenetic trees: three of the specimens (Oka 2, 10, 19) were found with a short rostrum, which is not reaching the end of second segment of antennular peduncle. These three specimens were phylogenetically closely related to the Israeli specimens in both COI and 16S trees. The genetic distance between these groups was 2.2% in COI (exhibiting differences at 10 sites along the sequences) and none in 16S (the sequences were identical). The 15 remaining Japanese specimens were found with a longer Figure 5 . Carapace length of the native species Atyaephyra orientalis (n = 36) and the alien species Neocaridina denticulata (n = 85) collected in the freshwater systems of Israel between March 2014-April 2018; one-way ANOVA, F = 9.5, P < 0.001. rostrum and were genetically distinct, forming a monophyletic group. The genetic distance between these specimens to the Israeli and the three Japanese specimens was 8.2-8.3% in COI and 1% in 16S. Additional morphological characters of all Japanese specimens mostly corresponded to the description of the species (as detailed in Table S2 ).
Atyaephyra orientalis was identified following Christodoulou et al. (2012) .
General characters and geographic distribution
A total of 85 individuals of N. denticulata and 36 individuals of A. orientalis from the freshwater systems in Israel were studied morphologically. The native species A. orientalis was found in the HaHula Nature Reserve and northern Jordan River, while the alien species was found also in the Yarqon Stream, a coastal stream pouring in the Mediterranean Sea, thus hydrologically disconnected from the Jordan River and HaHula system (Figure 1 ). Both species were found in similar habitat types, namely ponds in a natural marshland area (HaHula Nature Reserve) and N. denticulata was also found near the banks of water bodies, from small brooks to medium-size streams, where there is submerged vegetation and the water flows slowly. The average cl. of A. orientalis and N. denticulata was 3.5 ± 1.1 (n = 36) and 4.9 ± 1.6 (n = 85) mm, respectively, with the alien species being significantly larger than the native one (ANOVA, F = 9.5, P < 0.001; Figure 5 ), based on the collected specimens. Similar results were obtained for HaHula Nature Reserve, where the native species was more abundant (n = 36 for A. orientalis and n = 20 for N. denticulata; ANOVA, F = 25.7, P < 0.001). Neocaridina denticulata average cl. of females and males was 5.1 ± 1.6 (n = 58) and 4.4 ± 1.5 (n = 26) mm, respectively, with the females being significantly larger than males (ANOVA, F = 4.0, P < 0.05; Figure 6 ). For each site separately, a similar trend is revealed, though not statistically significant.
Life-cycle traits under laboratory conditions
Approximately 65 larvae were released by the Yarqon Stream females into the aquarium in the lab in May 2015. Five months later ovigerous females appeared, carrying their embryos for about 30 days. The larvae were released during 2-3 hatching events, with the last event including molting of the female. In the second generation, the first ovigerous female was found after three months. The young ovigerous females had fewer embryos, the majority of their first reproduction efforts failed, and occasionally no live larvae were released. The correlation between female size and number of embryos was found to be significant (n = 23, GLM; P < 0.001, y = 1.9x + 0.27, r 2 = 0.2), although the third largest ovigerous female bore the highest number of embryos (n = 70). The smallest ovigerous female bore 17 embryos Figure 7 . Growth-rate curve of Neocaridina denticulata larvae observed in the laboratory at Tel-Aviv University for 32 weeks, for males (n = 10) and females (n = 8). Whiskers represent borders of first and fourth quartiles.
(cl. 2.3, body length 12.5 mm). From the third reproduction effort on, the number of released larvae was more than 70 per ovigerous female. The young shrimp started to eat after the fifth or sixth molt, and the male's oval appendix masculine on the second pleopod could be distinguished after about a month; male body length was 7-8 mm (cl. 2-3 mm). The exuviae of 18 larvae were collected for 49 weeks. The growth rate of the larvae demonstrated a log shape, with the shrimp initially growing rapidly, until their molting decreased to once or twice a month (Figure 7) . As the number of females declined to below half the initial number before the end of the observation, the figure presents the results up to week 32. The growth rate of males and females was initially similar, but with time the males grew more slowly and by their last molt, they were smaller than females (GLM, interaction between time and sex: β = −0.02 ± 0.004, df = 579.24, t = −3.99, P < 0.001), with the exception of one male that displayed a faster growth rate. By week 32 the three largest specimens were females (cl. 7 mm), while the largest male was shorter (cl. 6.6 mm). Females demonstrated a higher growth rate variation per week than males.
Discussion
The introduction rate of alien freshwater organisms is globally increasing, and may be in relation to the rapidly growing international aquarium trade worldwide (Karatayev et al. 2007; Duggan 2010; Strayer 2010; Turkmen and Karadal 2012; Mazza et al. 2015; Nunes et al. 2015) . The current study examines the introduction of the Asian freshwater shrimp Neocaridina denticulata in the freshwater system of Israel, including certain ecological aspects regarding its possible influence on the native fauna. Neocaridina denticulata has been found in the majority of freshwater systems in Israel, i.e. coastal, Jordan Valley and Dead Sea systems, as defined by Goren and Ortal (1999) . These systems represent different basins, therefore are hydrologically disconnected, and water-restricted organisms (e.g., crustaceans) are not expected to cross them easily. It is alarming that the introduced species has been found across all systems in such a short period, pointing at its successful dispersal and establishment rates. Field and laboratory observations revealed a highly reproductive, environmentally tolerant, and relatively large-sized species, potentially providing the alien with some advantages over the native species in establishing sustainable populations. The impact of this generalist species on the native fauna and especially on Atyaephyra orientalis, is yet unknown, but it appears to be spreading along the Jordan River system and is constantly being reported from new habitats. In addition to the potential competition with the native species, N. denticulata individuals may be accompanied by symbiotic worms (Niwa et al. 2005; Niwa and Ohtaka 2006; Klotz et al. 2013) , which increase the potential of these worms also being introduced into the freshwater systems of Israel.
Considering the taxonomic complexity within the species complex of N. denticulata (e.g. Cai 1996; Liang 2004; Shih and Cai 2007) , and the inconclusive results of the morphological and molecular analyses in this study, the Israeli populations are presented here without denoting subspecific names. The large variation in some of the morphological characters of the Israeli specimens, together with the similarity within the N. denticulata complex revealed in the phylogeny tree, make the identification of the alien species uncertain. Following De Grave and Fransen (2011) suggesting N. sinensis is a synonym of N. denticulata together with the suggestion of Klotz et al. (2013) of which N. sinensis is a synonym of N. davidi may conclude that the three mentioned species are all N. denticulata, with some variation within different populations. The previous studies which considered N. d. denticulata and N. d. sinensis as native species also in Taiwan, China, and Korea (Hung et al. 1993; Cai 1996; Oh et al. 2003; Shih and Cai 2007) may support this hypothesis. The co-occurrence of non-native population with native populations in Japan (e.g. Klotz and Von Rintelen 2014) may also lead to hybridization though it has not yet been shown under laboratory conditions (Mitsugi and Suzuki 2018) . In addition, there is constantly crossbreeding of ornamental Neocaridina species for achieving different colored specimens (e.g. https:// www.aquariacentral.com/forums/threads/shrimp-crossbreeding.248565/). The molecular analyses revealed no geographical differentiation, indicating that all the Israeli specimens from the freshwater systems are of the same haplotype. Complementing the phylogenetic results of separation within the Japanese shrimp, is the rostrum length, in which the three specimens with shorter rostrum (Oka 2, 10, 19) were genetically closer to the Israeli specimens than to the rest of the Japanese specimens which have a longer rostrum. Therefore, both morphological and molecular findings, indicate that the Israeli specimens are genetically related to Japanese populations, and may have originated from the same source.
We suggest that the introduction vector of the alien shrimp may be via direct or indirect release by aquaria hobbyists or the shrimp farming industry (Niwa and Ohtaka 2006; Turkmen and Karadal 2012; Patoka et al. 2015; Mitsugi et al. 2017; Yanai et al. 2017 ). However, as known from other invertebrates (Strayer 2010; Duggan 2010) , another possibility is the unwitting release of the shrimp as hitchhikers on aquarium plants. An interview with two Israeli importers of ornamental aquatic animal equipment revealed that most of the Neocaridina stock in Israel is imported from Indonesia, or grown in a few locations in Israel during the last decade; while the freshwater plants are still mostly imported from Europe in moisture vacuum bags (Levitt-Barmats pers. obs. 2019), in which a fewdays-old larvae can cling unobserved to the leaves and survive for 2-3 days. The native atyid shrimp Atyaephyra orientalis is not found in the Yarqon Stream, so the appearance of the alien shrimp is presumably noticeable, as the river is relatively-well monitored. However, in the HaHula water system the native atyid species is very common, as it is in several habitats throughout the Jordan River system, and could easily been confused by non-specialists with the alien species. As collected material prior to the year 2000 was inaccessible to this study, the identification of the atyid specimens collected from these habitats is uncertain, hindering estimation of the alien species' introduction period. The reduced rainfall during the last decades in the northern part of Israel (Ziv et al. 2014; Hochman et al. 2018) , had a severe impact on inland water ecosystem biodiversity, which may increase the possibility of a successful introduction and establishment of opportunistic alien species (Chapin et al. 2000; Rahel and Olden 2008) .
A literature survey of studies on N. denticulata habitats in Japan, Taiwan, and South Korea reveals that this species inhabits both small and large rivers (Niwa and Yokoyama 1993; Oh et al. 2003; Kasai et al. 2010; Yatsuya et al. 2012) , and large lakes (up to 104 m deep, Shih and Cai 2007) . Such large rivers and lakes do not occur in Israel. However, in both its native and newly-introduced regions, N. denticulata demonstrates a preference for slow water flow or standing waters, and generally avoids high current velocities, emphasizing the wide range of habitats suitable for this generalist species. It occurs mostly in vegetated patches near the water surface and can be collected using hand-nets (Hung et al. 1993; Oh et al. 2003; Hamano et al. 2005; Yatsuya et al. 2012; Mitsugi et al. 2017 ). The available data on the chemical and physical characters of its native habitats are scarce, but it appears that the variable water conditions in the studied Israeli habitats (conductivity 341-3150 μS, water temperature up to 31 °C) do not limit N. denticulata. Submerged vegetation along the banks, which probably provides shelter for N. denticulata, seems to be important for its establishment at all sites. With no large lakes around, they establish populations in calm, vegetated riversides. Atyaephyra orientalis is considered to be a relatively small species (Christodoulou et al. 2012) , while N. denticulata is significantly larger. As both species may compete for food and niches in the same habitats, the larger body size of the alien may provide it with an advantage over the native species. The females of N. denticulata were found to be significantly larger than males as known from the literature (Kubo 1938; Mizue and Iwamoto 1961; Ogawa et al. 1987; Oh et al. 2003; Mitsugi and Suzuki 2018) , though more females were collected than males, probably as a result of the slower-swimming ovigerous females.
During the current study three generations of N. denticulata were grown under laboratory conditions for two years. As long as the conditions and temperature in the aquaria were stable, they were reproductive throughout the year, with larger females producing more embryos, supporting the findings of earlier studies (Mizue and Iwamoto 1961; Oh et al. 2003; Nur and Christianus 2013) . This also correlates with female age, with their first reproduction efforts being less successful in regard to number of embryos and live larvae compared to their later efforts.
Based on previous studies, the life-span of N. denticulata is less than 1.5 years, and maximum cl. and body length are 9.4 and 30 mm, respectively (Mizue and Iwamoto 1961; Ogawa et al. 1987; Oh et al. 2003; Mitsugi and Suzuki 2018) . The laboratory grown larvae showed greater growth rate in females, while both sexes slowed around 32 weeks. The increased female growth rate creates a reproductive advantage as larger females bear more embryos, though do not molt until after the larvae are released. The overall growth rate is slower when compared to N. denticulata from Japan is slower. Mizue and Iwamoto (1961) larvae were 16 mm in body length after two months, compared to 10-13 mm in the current study. Ogawa et al. (1987) reported larvae that were 17-19 mm in body length after three months, compared to 15-17 mm in the current study. The slower growth rate of the Israeli specimens may explain their longer life-span under the laboratory conditions.
In conclusion, on a local level, even though the Yarqon Stream and the Jordan River system (including HaHula) are separate systems, the alien shrimp was recorded for the first time across the country during the same year. As the time of introduction of N. denticulata into the Jordan River system is unknown, there is a possibility it may have entered this system previously. The decrease in the stream flow and other ecological condition changes, may have led to a population explosion of the alien shrimp and its subsequent expansion to the HaHula Nature Reserve, where the system is more stable. Two introduced watercourses, the upper Jordan River and Yehudiyya Stream, both spill into the Lake of Galilee, the only large freshwater lake in Israel. Considering the favored habitat of N. denticulata in East Asia, it is very likely that it will eventually establish large population in the Sea of Galilee. In addition, during the 1990s, in order to increase the stream flow of the Yarqon Stream, water from the Sea of Galilee was diverted to sustain the fauna and flora of the Yarqon (https://www.yarqon.org. il/en/drainage/water-sources/). This may be what established a connection among the separated freshwater systems, which allowed the spread of the alien shrimp, but this theory certainly requires further investigation.
On a wider geographical scale, although the current study does not provide direct evidence of the introduction of N. denticulata by the aquarium trade, it seems the most likely explanation. In the future, therefore, N. denticulata may also expand its geographical distribution into similar freshwater systems in Europe and other Mediterranean countries, where the freshwater aquarium trade flourishes, such as in Turkey, Germany, and Italy (Turkmen and Karadal 2012; Klotz et al. 2013; Mazza et al. 2015; Patoka et al. 2015) , and where suitable environmental conditions exist. Future introductions can be prevented with effective detection and inspection protocols (see Hulme et al. 2008; Nunes et al. 2015; Yanai et al. 2017) . Moreover, the possibility of introduced species to escape into natural systems emphasizes the importance of continuously monitoring the freshwater systems of Israel, in order to rapidly detect new alien species in the future.
